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(54) IRON-BASED ALLOY PERMANENT MAGNET POWDER AND ITS MANUFACTURING 
METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an iron-based 
alloy permanent magnet powder improved in filling 
property and fluidity at molding by making the shape of 
particles from flat shape into a spherical slope. 
SOLUTION: When the fusion of a Fe-R-B-based alloy is 
cooled by a single- roll process, a roll surface speed is 
adjusted to form a quenched solidified alloy of thickness 
80 |im to 300 urn. Next, the quench solidified alloy is 
crystallized by thermal processing, and an alloy thin 
band 10 having permanent magnet characteristics is 
formed. Then, the alloy thin band 10 is pulverized, 
thereby forming powders 1 1 , in which a mean particle - 
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size is 50 nm to 300 jim and a size ratio of a short axis direction to a long axis direction, is in 
the range of 0.3 to 1.0. 
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0 /z m«±3 00/i m«T©a»«H^*»J*-rS. 
0Jt#O. 36Ltl. OtlT©»*l 1 




imm i) Fe-R- Bm&&0mz&ttmic <* 

■yXfttHL, *txK.£^xmZ8 0umtt±3Q0um 

mt&rnit <=t -> x iWse.t.^a^#*^ D s a fb l . ^eas 

iiSfB£#£f&®-f SCiiC^T. ¥W*i5 0(im 
«i3 0 0umOTt, L^fc. f&^fiH^fifi^fa-tr 
-f XtettT&fcalfc/jfrlr-i' X©it#0 . .3JSLL LOW 

wmixmzRicsiSLx^zmxm 1 iciB$&©&e 

[lf*J3l3] mifflmi, f>s;ui|gf^^lS*iI 
1 (CfaiS©^S^7k:5MS5»*©^jS^S. 

is^X, Fe,jB,, F e 3 B. R,Fe,,B, fc^tfR, 
Fe, J B ) :fc6&S#fr6jSiR3ftfc4>&< ifc-o© 

fcJ:eV*;tti^1RH*^0Tl>4lll# 20 
3S 1 CClEIS©^S^^7TcXfi85*»^©i!i6^ffi„ 
[11*^5] mi7*AWEim&Gt2>£&K> Fe 
, 0 „.,.,R,B Y (RJS. Pr. Nd. Dy. fc«fcLKTb 
a»6ft*»*»&aHR3*ifc<i>&< ti> l«©#±?H5t 
SB) ©fflfiES-C^S^S^^S-Cio-C. 
iwf BifflJ&iS*© x*J<fci>'y *i. 
l^%gx^6^%, fcJctfl 5JMT-%^y£2 5 
M*%©I8H&£W10. ^ofltfiSfiitT, Fe, Fe 
iB©££. *»J:0tR,Fe 14 BattJMia*WJ-4<t 

SfttiMOV^ttJUftStf 1 5 0 n m«T 30 

& 

** 1 m/#«± 1 3 m/#OT©©H-Clll£-f So-ib 
T, milBF e - R- B^^Djga^^TiXg*^ 

s-r m*m 6 KiBS^&st^ic^ffiEft*©!!^ 40 

So 

C If JJBB 8 ] iwlBi&EE??fflm©*fetfEE;*) B50kPa 

arr* s c t t r 5 »* jb 7 ca B8©&g££ 

&». ^^3>#y»h«s-c*aiii*Bi(ciaii©ft 
i o ] mm i *»e> 9 ©f5in*Hcie*s©^s 

^#7**«5f95f;£ffl^-f*Xg£. so 
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[fiW?JfU2] «U«»ffiKJ:-,-C6 59<*ailSjte 

[imm\3] Fe,„...,R,B, (FeM, Btt 
tf'n>. Rtt. Pr, Nd. Dy. id^OT b#:>6&6 
8*»6jBS?S*ifcd>4 < i 1 «©*±»5cJR> ©fflfS 

ifflf BfflfiSS;*© x J: O' y *5. 
lH^SxSeiSW*. fc«fct>*l 5JS*%^y *2 5 
JW*K©Wtt*«EU ^MitT, Fe. Fe 
iB©££. fcJitfR.F e^BSDteHflljg^-rSft 
^W*^*. &fltJj!tfl©¥$llSII&&*s 1 5 0 n mfct 
T. 3 0 0 /imt<7t* 0 . 

0. 3fet±l. 0J£IT©I*»^*^«E»5R. 
[ IftsftK 1 4 ] m#f 1 3 £IBg^ftS&&7lc4&:& 
P»5. 

[iS*^ 1 5 ] 1 4(Cf2«©^> VffiEZffi*. 

[»BJ©l**ffl&8i9§] 
[0 00 1 ] 

[0 00 2] 

tS£*©»{|5] Fe-R- BS^#S©t 

hSBEBB. f!itBFe J B*Fe 11 B l fOy7Hltffl 

rftstts^-^biRoaisai^- KfiBtttarasR, 

Fe 14 Bta©«iBBl43W-^JSiHM6rtK:*jt,>-CJ^r-«: 

[0 00 3] *SSt>tfi>v hSBlEtt, V7 htttttl* 
d*<C3W6fc. HHtffi4«-FS8tt«iCDia©» 

fiAiff&r&lt*. ±fti0r#±H7t^R©gWS*i 
ffi<»*&ftS. C©C£tt. «5©^3Xr*fiidE 

[0 00 4] C©<fc^%t^3>^<y^ jgas 
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SB, &&mi&®ttZ}ffla~)],K:mMZl*ZCt 
[0 00 5] S£**6. o-^«HaR* 1 5 m/#tt 

[0006] 

[*W#JBifcOJ:5 4Tafira] » § 5 0 /z m^TOtb 

taw«:w^a»^ar»*»»i/rTi«S[a*s3 o o u 

BB¥«cfe©4&*. *©fctf>, ±E©S£*S3BCCJ:^ 
<. H»%tt$ (fi»Bfl«/^> K»5#BI) tt, EES® 20 
rfc6 5%rft£ 0 c©«»*»*tt % »a D at^^ 

[0 00 7] *»MB***l|jSCC**rttSh*:t© 

*©tt6tftt*«0W" £ C 4 fc ft £ a 30 

C4£ft£ 0 
[0 00 9] 

&B5»5K©IHft&ffitt, F e - R - B«^©SSS&* 

300 /*meiT©*»Mi^*}i5fiE'ra»aiia4, 40 

SC4K<fcoT¥$&&#5 0 umfcLb3 OOumHT 
l*!MX©iW0. 36LL1. 0£tTO»*t»«tr* 

xa4*s*r*. 

[00 10] *f*uc»JtiBUJBWc*jc>rtt. Bute^s 
[0011] MEttms. f> 5 JWBircfT 5 c ttm 50 



1$&32 0 0 1 -2 4410 7 
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[0012] #*U>l^$SKfci>"t, HuK&ftfiH 
,B, R,Fe,,B. fcJctfR, F e„ B,*»6«e*BA»6 

[ 0 0 1 3 ] »4 LC>*«HI5flliC*Jl»r, BffB7lcX«5 
tttt*WJ-*6*tt. Fe 10 „.»- V R,B, (Rtt. P 
i\ NcK Dy, fc^OT b^-6tt*B**6iBtRStifc 

d>tt< 4 1 1«©*±»7C3R) ©a«scr*3tia*A 

ft*«SU fro, flW»B4LT. Fe, Fe4BCD£ 

#, 4W»«fflO^ISJlttS3W 1 5 0 n mfclTC**. 
[0014] mriB^»Xg{c*jiit, D-jmffijggfr 
1 m/#JM± 1 3 m/#«TO«Hr|IHSr S D -JUC 

[0015] Hfiffl&aXHtt, «ESH«Ttefc^-C 
fuiEF e -R - B*d&©*«*ft»-f *Xa*fift-r 
5C4#ff*U». 

[0016] i9fe«ESffl«©«ttEA« 5 0 k P a £1 
TC**C4;MfiF*U>. 

[0017] »*Li^H»7l5fi8«:*s^r % fyfe^SCc 
<fcoT*SS<bSn/cBJgB^B. t>3>^? he 
rft*. 

[0018] *«B«C F»B©RJfi*ffitt. ± 

ieo^n^^8^^7^»5»*c3C)»jg^ffitc^ o r 

tWBJ»*&k^»5»**ffi*-rsia4, ituie&S 
^bkx«B«*t fiBur £ xa 4 £ S£T £ o 

[0019] »to^mamv\t % smmmtc*^ 

[ 0 0 2 0 ] 0 1 U^gJ&flafrCB, WfflJSRJBffiKlJ: o 

[0 02 1 ] **WCC *4ttS^^c^«5«5Ktt. F 
e 100 -,-vRxB v (Fettfe BWo>, RB, P 
i\ Nd, Dy, fcitfT b *»6«rS»^6iliR3ti/*c 
< 4 1 §CD^±S7t;^) (Dffl^Sir^^taS^S 

e v FeiBO^i, *J<fcVR, F e 14 BSSfea^ji* 

•WWlf-^XK^SJSM^flllf-fXOttfrO. 3«± 
1. 0ttTr*4. 

[0 02 2] *»Wtc-J:S?K> F«E«. ±I2<D^S^ 
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[0023] J:aaSMHS«±IB#> KfifcE*: 

[0024] 

[»WO*ft©»»] *aW"Ctt v *■**. Fe-R-B 

F&fe4'©:§ij$£t(:<fc-o-tl$*PU **tfc<fcoTJ?$8 
0 tx m«±3 0 0 u mJHT©»&«H££*JBtf-J-a. 

*.fc*. C©£&*#i*-rac 4KJ: oTT4tt»iS 
0 tt mfcU:3 00« mttTft9*S J F-©fitt*(Sl-9-'f X 
(cOTSSNrtnW-fXOfePO. 36Ubl. 0«T© 

fcawcctha:. »**rtts*«5 0 

nmZ&Z.&ft+OG 0tttt%W±©*4TKoc>r > fi 
(Wfl?4*K^*^^lMX©Jt*0. 3«± 

i. 0ttTt-r4ci*«?i«r*s. 

[0025] Fe-R-Bi^ilttt, Fe 
a , 0 -,.»R.B v (Fett&. BB*D>. R«Pr. N 
d. Dy, te<£OTbfr6fe£f¥d>6iiJR3ftfc^fe< 
it ia©#±^7C^-C*5.) #il?j8K:fflt,>6tiS. iff 
* U^m^teWS±t2iia$3$©xte<£C/yB. 
llW^x^BIW, 1 5MT%^y^2 5Jl^% 

©fflC&SriiSS-f*. u^M^-cb. ±1315$© 

(melt-quenchinq) ffi(C 
jatl/fcft. C©ltft8H£££Jjn&?SC£K<£o-t$t 

[0026] #2^-cb. bm©<j: ^ fc. mswmmk 

<D&&Hm<DltS* 8 0 u mfcLh3 0 0 nm«Tir 

^n-JUOJHffiMt* 1 m/mih 1 3 m/#W 
T©ttHrtKflKT4C4«:j:-5T. %&wmm&o& 
&»$©J¥S* 8 0 /1 m«±3 0 0 hi mfcTFWi®-? * 
C4*srt*. ££«$©«;* £C©J: 5 KtBg-fSS 

[0 027] n-Jb&ffiagtf 1 m/MT§5i. t>. 
&££»*©J*S»3 0 0 <im**l;lr«< fe*#. ffi 
*fea- F ete«fcCXF e, B©^l^^ffliffi^}fjES 

[0 028] P-;l/*ffijSe*s 1 3 m/#£±® 
&4. :ii&^^©/SS#8 0/im*Tl]oT«<fe 
•&4 4fe(C. JiraflHttftXBrf*. P-;l/«ttM(C 



(4) !t$gg 2 0 0 1 - 2 4 4 1 0 7 
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S^fil^ X©ttB0. 3*$Kfe£. gffc&ffltM 
XK»r4Jitt*l«l*-/X©ifc*J0. 3£THSJ:5K: 
■VttttSWFCtt. ®$£»$*&STSC4Bl]f!lt 

[0 02 9] fci±©C 4*>6. *?$ U»£tt»STttP 
-;H!ffii£&£S3S5b. &&££iS?i?©II;*£8 0 f/m 
t(±3 0 0 MmfelT©©H«ca3£l,-Ct^. *©*§£. 
10 ©ttHUcfcor. ¥«3ttS*»3 0 0Mm«Tr. AM 

*ffl?4X«:tfTSJgtrafoiMX©Jt*io. 3tuh 

©tt©H&C*?*U>33BB. 0. 4tLkl. 0WTt?$> 

a. 

[0 03 0 ] fete, :&HM8@£&tt. t£mt©/c&©IS& 
jnil©fir(cte^r, #la!Hiffl®£W0-a>2>#>, 
B, Fe^B,, Fe,B, R, F e,, B> te^O-'R, F e 

[0 0 3 1 ] &&Sl^CCtt*S»&&iI«:J:oT£li!c 
StxfcffiKSJIB. I*, «4 #•>*©££. R,Fe„B 

tSf£fB©¥i^H&SB 1 5 0 n m«T-C**C 4**F 

*u». ftflteS^jr^ffsu^vajiiJittaB. io 

0 n mWTr* 0 . EKff t U>WfettAtt8tt 6 0 n 
maTC*4. *»W(CJ:*i«. «»»©^W» (« 
$ : 80~300wm) #±!B»tefi:fr *TCt> 
30 Sfc*. WXSKJ:-5ra«©^(4«:Sft»rL-¥>-n>. 

*e>ft£. -ffefc*>> *8WcJ:ttf*. -£©#<i«:ra 

feJfJl*. r«tto%»««:5tti,>j|5tt©»5l5l4**i»«Sti 

a. 

[0 03 2 ] cn^Mor. a-A&w3t&&&< i>x 

^»^©WS*8 0 tfm«t'JW<-r54 > (irifc©J:5 

Ji^ffi(^*5*S„ ^©fc». *©*{i{cifioTK»fl/^ 
40 t < fe 0 . ttittc «t o r# 6 hteft^tt-f B . 
©^EK¥tf fe#|6)«:f9 o < f#i>7c^4 fe o 

©tbBO. 3*!®4fe^>. 

[ 0 0 3 3 ] 0 1 ( a ) B. *R9JCC<I: *ttCft3HS 
*»©»*Ifii«[JCtetf&^MIH 0 4. SH£C8fft 

©©^s^ 1 1 %^wcc^o-ci,>&. -a, m i 

(b) B. JJB©^*S3l5tcJ;aiK5^Sj§^te©t9 

»xgwt<:*tt&6&*ff 124, »»isa©«*tt 
t-i 3*«s«{c^uri,>s. 

50 [0 0 3 4-] 01 (a) tC^StiSJc^K. *»W©*I 
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*iCC»U HI (b) CCTn^nSJ: 

5cc. ^ffl^i 2©^M«c*for«(igii:!5c*i6i«:K 
WrO«>-n>fc«>. 3©B1#ttli3Wj:fc©4&3. 
[ 0 0 3 5 ] fcte. £&fttt©&£SS««EgH£lT 
r(r$4, #±^^ffi*5^-C*StCfe^^to6-r. 
R, F e„ BMteB B a tS^^-rS{b^©S[*£ a a a 
ttftl 50nmfe(T) £^-KffJf£irSC 4#r£, * 

©is*. «*ifc»a#tt*svr*^»5*f¥ii-rsct 

[003 6] Cft«C*f l/t . ±l2ififi£©^?§i®?:^E 
ttZtcib, a-Fe©*£H**£l$3*v?>f <. R, F e 

[ 0 0 3 7 ] * fc. **M©*^«eB»*«:*ti»i:tt. 

J:tfR, Fe„ Ba*SJM«a**-j-S^- K«tt<t^» 
ffi 4 *iiS«E L . 0* t St»J&t0©¥^il£llfMI#/js;* I, > 

[0038] [ttj&R£B&] #±«t3RR«. 
Efttt^fUSt MciblcmU n - K 88ttfflr* * R , 
Fe„B Kj^HOJWr* S. R ©#WS ( x ) *J 1 JR 
R, F e„ BW£gm&Z^? Z>it&® 

*fc. 6fH=-%£jSAS4. ^- F«ttfflr*SR, F 

MTOtiUS-r 2JR^«SxS5. 7DF, 

[0039] n> ( B) «. ftAttEtmov ?H 
ttfflt*4Fe,B*Fe„B, l?©&8* 9 f fctt 4 . ^ 
- KSttttfir* 5R, Fe„Bi Ku&I©7c5R-C£> S. 

f#cc<(,>. -e©fc». ^o-^ffitcfco-cMf*^©^ 
M«3feiMIBStf«iMnc. f§*i7 0mnHh3 0 0 

■54, *«*B©ft»it*«*l/<fiTO. SSSfiBSiffig 
B r *«fiTrs©'rtff*b<<Hr>. c©fctf>*"o>iiaj5; 

ttx«. 1.5)Si=-%^xS2 5^%^S-r€)^^ 
1 6M-iF%^yg2 OJSH^SrTittJl-f £C 4#» 



(5) ^P32 0 0 1 -2 44 1 0 7 
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'[0 040] flcte. R»4«:tt. jcJRM (A 1 . Si. T 
i. V. Cr. Mn. Ni. Cu. Zn. Ga. Zr. 
Nb. Mo, Ag. Hf. Ta, W. Pt. Au, fcj; 

58) *asflaL/-rfem>. 5essm©^»d». ft^ttj,/ 

S«SE©^^4'©iai*4fc/c6-r. 7tSIM©£Wffi# 
0. 0 5/M^-%*«5|r«. £©<fc Vjta&llrt^atc&W 
7ja*K*fijt£.4.H{fcjW£T0fflT. c©fc 
10 A. ?^ftl7C^M©$ifi£l:bz(S0. QS&?%Z z £7 IB 
^^SSS-rS^S*** 1 !. 0. 2M^%^zg5Jl^ 

%4?i/ir5c4*!ijf*n,>. 
[0041] Mtc, M4K=m'ju h (Co) fcastraor 

fcfiC>. Cott, F e©-SR4g&$*-i5C4tCj:-,T 

[ 0 0 4 2 ] fc*>\ F e tt±iB7G3R©£W$&4di«>T 
OS. 

20 [ o o 4 3 ] *wm & z>&&Mxmttm* 

[0 04 4] *r. WSfi©«fiSSC-C«B3*iilS«4*ffl 

c©jspf*fti*sjeiaric4{c«j:-3r^«s»ife 

T.ttftU 7*b? 7 x4B*&tr£M%8II«&&X?j$-$- 

/cVJUhXt'-V^ffiCfiK:. X h 'J ^7'+ + ^ hffi?: 
ffll>5C4feDlfi6"C*&. *©{&«:. lS8 0tfm«J: 
30 30 0// m«T©Sl^^4^-C# ^©T^nW, jR 

5. 

[0 045] [:lft£|g©iftHjn «EJ|8g«-c«. MA 

tfia 2 k:tb-$v ji/ h x b - ^ifmmzm^xjm&£$: 

S^iTS. IWfcO^f l>*±BBc**StHMs^©« 

*f?5. ^r§1i^'X4ly-C«^';^AS7'c«7^d->^ 
©*^X4ffl«,>SC43Wf*Ol>. *cte. g^«^±® 

40 BJff * U< ttl>. 

[0 046] 0 2©HB«. SS*fctt^r§14*'^#ffl 
m^ffi^L. J£-©E*4iB8f5C4*SpJ8l«tja^^ 
©?§)??£ 1 teJ:0 t Sl^S2 *fitATl>5. 

[0047] ®fm 1 «, Bfa©»5^ia«{c«c5 J: 
5 n/cH»£f 2 0 £S5i&K:-&§«?f 5?gfB^ 3 

4. jewcH»>'X;u5**ri-siHBa»4 4. *m© 

©S^BH4flttfrKB8 4t«AT:c>S. B??SSS4tt. 
K8£&©*»2 ^©ffljBiaaiBfjEOU^ 
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[0 049 ] CtDSSKfct^tt, mWW. 1 fccfcO'&tt 

s. zotcMc. nm^ttzimai b, 2 b, 

8 b ttiZ&ffini a, 2 a. *sj;tf 8 a <!;#SSH©» 
ej<cfiBff«:KW6hrc^. 1$K:#xSESiP2 aB, ft 
ftg 2-rt©K!»E*Jta^ 50kP a ©$aHrt««T 

[0 05 0]g»?*p3MM^l P-h6£*> 

or^S2 i*IIMi8«4rtK:affltjfiito. jg&2 l 
ttif»SS4rtccfci>r^m©msja«cj:orJin» 

[0 0 5 1 ] flf»a®4©tfl»-/X;U5tt. &ft¥^l <t 
fltt&2£©HHHcEK3ti. »»«84rt©»»2 1 

»yXjU5©*';7.{X&B, W*B0. 5-2. 0 m 
mr&& 0 8»2 l©tttt#*t^J©^ ft$2 1 ttffl 

»Slifll»S2i©IB«CEE*ll^»flESti, 8S2 1 

[0 0 5 2] ft»P-;V7tt, Cu t Fe, ^/c«Cu 
^Fe^^6Mt^Ci«l^ 0 Cu^ 
FeJE^tm , C»aiP--^tfNR'r*i, :H?£££© 

p-;ucc«#tf < te*ti*s* 0 JfiF $ U < ?S«p - 
;U7©iS8B0l*.B3 0 0-5 0 0mm"C<fc& e ?£iPP 
-;i/7rtccga:wfti*>&8a©*»fi6AB, #{fcBSBaa/ c 30 

[0 0 5 3 ] }ft»n-Ji/7©giEB % Wittf^nAfto 

*iiratonr^a. »»p-jb7©*Hfii»*. 

HW*fi3Ra£0. 8/im. S*Rmax£3. 2 /i 
m, +jSPF*»H3Rz £3. 2urnV$>Z>Cti>m*L 
l\ ft»p~;U7©^ffi#ffll><i, j&Xte£#P-Mc 
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CLAIMS 



[Claim(s) ] 

[Claim l] The cooling process which cools the molten metal of a Fe-R-B 
system alloy with a quenching method, and forms a with a 80-micrometer 
or more thickness [ 300 micrometer or less ] rapid solidification alloy 
by it, Mean particle diameter the process which generates the alloy 
which crystallizes said rapid solidification alloy by heat treatment, 
and has a permanent magnet property, and by grinding said alloy by 50 
micrometers or more 300 micrometers or less And the manufacture approach 
of the iron machine alloy permanent magnet powder which includes the 
process in which the ratio of the direction size of a minor axis to the 
direction size of a major axis of a powder particle forms or more 0. 3 
1. 0 or less powder. 

[Claim 2] The manufacture approach of the iron machine alloy permanent 
magnet powder according to claim 1 which includes further the process 
which carries out coarse grinding of said rapid solidification alloy 
before said heat treatment. 

[Claim 3] Said grinding is the manufacture approach of the iron machine 
alloy permanent magnet powder according to claim 1 performed with pin 
mill equipment. 

[Claim 4] Said rapid solidification alloy is the manufacture approach of 
the iron machine alloy permanent magnet powder containing at least one 
metastable phase chosen from the group which consists of Fe23 B6, Fe3B, 
R2Fel4B, and R2Fe 23B3 before said heat treatment, and/or an amorphous 
phase according to claim L 

[Claim 5] The alloy which has said permanent magnet property is Fel00-x- 
yRxBy (R). It is the permanent magnet expressed with the empirical 
formula of at least one sort of rare earth elements chosen from the 
group. which consists of Pr, Nd, Dy, and Tb. x in said empirical formula 
and y satisfy the relation of x<=l atom %<=6 atom % and 15 atom %<=y<=25 
atom %. As a configuration phase The manufacture approach of iron 



machine alloy permanent magnet powder according to claim 1 that the 
diameter ~of average crystal grain of each configuration phase is 150nm 
or less including the alloy of Fe, Fe, and B, and the compound which has 
the R2Fel4B mold crystal structure. 

[Claim 6] The manufacture approach of iron machine alloy permanent 
magnet powder according to claim 1 that roll surface velocity contacts 
said molten metal on the roll which rotates a second in the range lm /or 
more 13m [/second ] or less, and forms said rapid solidification alloy 
by it in said cooling process. 

[Claim 7] Said cooling process is the manufacture approach of the iron 
machine alloy permanent magnet powder according to claim 6 which 
includes the process which quenches the molten metal of said Fe~R-B 
system alloy under a reduced pressure ambient atmosphere. 
[Claim 8] The absolute pressure of said reduced pressure ambient 
atmosphere is the manufacture approach of the iron machine alloy 
permanent magnet powder according to claim 7 characterized by being 50 
or less kPas. 

[Claim 9] Said alloy crystalized by said heat treatment is the 
manufacture approach of the iron machine alloy permanent magnet powder 
according to claim 1 which is a nano composite magnet. 
[Claim 10] The manufacture approach of the bond magnet which includes 
the process which prepares said iron machine alloy permanent magnet 
powder manufactured by the manufacture approach of iron machine alloy 
permanent magnet powder given in any of claims 1-9 they are, and the 
process which fabricates said iron machine alloy permanent magnet powder. 
[Claim 11] The manufacture approach of the bond magnet according to 
claim 10 characterized by fabricating said iron machine alloy permanent 
magnet powder by the filling factor which exceeds 80% by compression 
forming. 

[Claim 12] The manufacture approach of the bond magnet* according to 
claim 10 characterized by fabricating said iron machine alloy permanent 
magnet powder by the filling factor which exceeds 65% by the injection- 
molding method. 

[Claim 13] Fel00-x-yRxBy (Fe boron and R for iron and B) It is the iron 
machine alloy permanent magnet powder expressed with the empirical 
formula of at least one sort of rare earth elements chosen from the 
group which consists of Pr, Nd, Dy, and Tb. x in said empirical formula 
and y satisfy the relation of x<=l atom %<=6 atom % and 15 atom %<=y<=25 
atom %. As a configuration phase For 150nm or less and mean particle 
diameter, the ratio [ as opposed to / the diameter of average crystal 
grain of each configuration phase is 300 micrometers or less, and / the 



powdered direction size of a major axis ] of the direction size of a 
minor axis is 1. 0 or less or more 0. 3 -iron machine alloy permanent 
magnet powder including the alloy of Fe, Fe, and B, and the compound 
which has the R2Fel4B mold crystal structure. 

[Claim 14] The bond magnet containing iron machine alloy permanent 
magnet powder according to claim 13. 

[Claim 15] The electrical machinery and apparatus equipped with the bond 
magnet according to claim 14. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the powder and its 
manufacture approach of the iron machine alloy permanent magnet optimal 
as a magnet used for electrical machinery and apparatus, such as various 
motors, an actuator, a loudspeaker, meter, and a focal_ convergence ring. 
Moreover, this invention relates to the various electrical machinery and 
apparatus equipped with the bond magnet produced from the above- 
mentioned magnet powder, and the bond magnet concerned. 
[0002] 

[Description of the Prior Art] The nano composite magnet of a Fe-RHB 
system alloy system is an iron machine alloy permanent magnet which the 
microcrystal of the iron machine boride which are software magnetism 
phases, such as for example, Fe3B and Fe23 B6, and the microcrystal of 
the R2Fel4 B phase which is a hard magnetism phase were distributed in 
the same metal texture at homogeneity, and both combined magnetically by 
the exchange interaction. 

[0003] A nano composite magnet can demonstrate the magnet property which 



was excellent with magnetic association between a software magnetism 
phase and a hard magnetism phase, though a software magnetism phase is 
included. Moreover, the content of rare earth elements R is low stopped 
as a whole as a result of existence of the software magnetism phase 
which does not contain the rare earth elements R, such as Nd. This is 
convenient, also when reducing a magnetic manufacturing cost and 
supplying a magnet to stability. 

[0004] Such a nano composite magnet is produced by performing suitable 
heat treatment, after making the fused raw material alloy solidify with 
a quenching method. In case raw material ****** is quenched, the single 
rolling method is used in many cases. The single rolling method is the 
approach of making it cool and solidify by making the cooling roller 
turning around an alloy molten metal contact. When based on this 
approach, the configuration of a quenching alloy becomes what was 
extended in the shape of a thin band (ribbon) along the peripheral- 
velocity direction of a cooling roller. 

[0005] Carrying out [ second ] roll surface velocity in 15m /or more, 
and producing a quenching alloy thin band with a thickness of 50 
micrometers or less from the former, is performed. Thus, after a 
permanent magnet property is given by heat treatment, the produced 
quenching alloy thin band is ground so that mean particle diameter may 
be set to 300 micrometers or less, and serves as magnet powder. This 
magnet powder will constitute the permanent magnet object which has a 
request configuration with compression molding or injection molding. 
[0006] 

[Problem(s) to be Solved by the Invention] When a quenching alloy thin 
band with a thickness of 50 micrometers or less thin in comparison is 
ground and mean particle diameter produces powder 300 micrometers or 
less, the configuration of the obtained powder particle will become flat. 
Therefore, the magnet powder produced by the above-mentioned 
conventional technique has the restoration nature at the time of shaping, 
and a bad fluidity, and, as for a magnetic powder filling factor 
(magnetic powder volume / bond magnet volume), in the case of 
compression molding, the highest is also 65% a maximum of 80% in the 
case of injection molding. In order for this magnetic powder filling 
factor to affect the property of the permanent magnet object which is a 
final product and to improve a permanent magnet property, to raise a 
magnetic powder filling factor is desired strongly. 

[0007] This invention is made in view of these many points, and the main 
purpose is in offering the iron machine alloy permanent magnet powder 
which has improved the restoration nature and the fluidity at the time 



of shaping, and its manufacture approach by making particle shape near 
spherically from a flat thing. 

[0008] Moreover, other purposes of this invention are to offer the 
electrical machinery and apparatus equipped with the bond magnet which 
enabled it to demonstrate the permanent magnet property which was 
excellent by improving a magnetic powder filling factor, and the bond 
magnet concerned using the above-mentioned iron machine alloy permanent 
magnet powder. 
[0009] 

[Means for Solving the Problem] The manufacture approach of the iron 
machine alloy permanent magnet powder by this invention The cooling 
process which cools the molten metal of a Fe-R-B system alloy with a 
quenching method, and forms a with a 80-micrometer or more thickness 
[ 300 micrometer or less ] rapid solidification alloy by it, Mean 
particle diameter the process which generates the alloy which 
crystallizes said rapid solidification alloy and has a permanent magnet 
property by heat treatment, and by grinding said alloy by 50 micrometers 
or more 300 micrometers or less And the ratio of the direction size of a 
minor axis to the direction size of a major axis of a powder particle 
includes the process which forms or more 0.3 1.0 or less powder. 
[0010] In a desirable operation gestalt, the process which carries out 
coarse grinding of said rapid solidification alloy before said heat 
treatment is performed further. 

[0011] It is desirable to perform said grinding with pin mill equipment. 
[0012] In a desirable operation gestalt, said rapid solidification alloy 
contains the metal texture containing at least one metastable phase 
chosen from the group which consists of Fe23 B6, Fe3B, R2Fel4B, and R2Fe 
23B3 before said heat treatment, and/or an amorphous phase. 
[0013] In a desirable operation gestalt, the alloy which has said 
permanent magnet property It is the permanent magnet expressed with the 
empirical formula of Fel00-x-yRxBy (at least one sort of rare earth 
elements chosen from the group which R becomes from Pr, Nd, Dy, and Tb). 
The diameter of average crystal grain of each configuration phase is 
150nm or less including the compound with which x in said empirical 
formula and y satisfy the relation between x<=l atom %<=6 atom % and 15 
atom %<=y<=25 atom %, and have the alloy of Fe, Fe, and B, and the 
R2Fel4B mold crystal structure as a configuration phase. 
[0014] In said cooling process, it is desirable that roll surface 
velocity contacts said molten metal on the roll which rotates a second 
in the range lm /or more 13m [/second ] or less, and forms said rapid 
solidification alloy by it. 



[0015] As for said cooling process, it is desirable to include the 
process which quenches the molten metai' of said Fe-R^B system alloy 
under a reduced pressure ambient atmosphere. 

[0016] As for the absolute pressure of said reduced pressure ambient 
atmosphere, it is desirable that they are 50 or less kPas. 
[0017] In a desirable operation gestalt, said alloy crystalized by said 
heat treatment is a nano composite magnet. 

[0018] The manufacture approach of the bond magnet by this invention 
includes the process which prepares said iron machine alloy permanent 
magnet powder by the manufacture approach of which the above-mentioned 
iron machine alloy permanent magnet powder, and the process which 
fabricates said iron machine alloy permanent magnet powder, 
[0019] With a desirable operation gestalt, said iron machine alloy 
permanent magnet powder is fabricated by the filling factor which 
exceeds 80% by compression forming. 

[0020] With a desirable operation gestalt, said iron machine alloy 
permanent magnet powder is fabricated by the filling factor which 
exceeds 65% by the injection-molding method. 

[0021] The iron machine alloy permanent magnet powder by this invention 
is FelOO-x-yRxBy (Fe boron and R for iron and B). It is the iron machine 
alloy permanent magnet powder expressed with the empirical formula of at 
least one sort of rare earth elements chosen from the group which 
consists of Pr, Nd, Dy, and Tb. x in said empirical formula and y 
satisfy the relation of x<=l atom %<=6 atom % and 15 atom %<=y<=25 
atom %. As a configuration phase The diameter of average crystal grain 
of each configuration phase of 150nm or less and mean particle diameter 
is 300 micrometers or less including the alloy of Fe, Fe, and B, and the 
compound which has the R2Fel4B mold crystal structure, and the ratio of 
the direction size of a minor axis to the powdered direction size of a 
major axis is 1.0 or less [ 0. 3 or more ]. 

[0022] The bond magnet by this invention contains the above-mentioned 
iron machine alloy permanent magnet powder. When based on compression 
forming, the filling factor exceeding 80% is shown, and when based on an 
injection-molding method, the filling factor exceeding 65% is shown. 
[0023] The electrical machinery and apparatus by this invention is 
equipped with the above-mentioned bond magnet. 
[0024] 

[Embodiment of the Invention] In this invention, first, the molten metal 
of a Fe-R-B system alloy is cooled with quenching methods, such as the 
jet cast method and the strip cast method, and a with a 80-micrometer or 
more thickness [ 300 micrometer or less ] rapid solidification alloy is 



formed by it. Next, after giving a permanent magnet property to a rapid 
solidification alloy by heat treatment,' the ratio [ as opposed to the 
direction size of a major axis of a powder particle in mean particle 
diameter ] of the direction size of a minor axis forms or more 0.3 1.0 
or less powder by 50 micrometers or more 300 micrometers or less by 
grinding this alloy. According to this invention, it is possible to make 
the ratio of the direction size of a minor axis to the direction size of 
a major axis or less [ 0. 3 or more ] into 1.0 about 60% of the weight or 
more of the particle of the particle to which particle size exceeds 50 
micrometers in powder. 

[0025] As a Fe-R-B system alloy, Fel00-x-yRxBy (they are at least one 
sort of rare earth elements chosen from the group which iron becomes in 
Fe and boron and R become from Pr, Nd, Dy, and Tb in B) is used suitably, 
x in the above-mentioned empirical formula in a desirable operation 
gestalt and y satisfy the relation of x<= : l atom %<=6 atom % and 15 
atom %<=y<=25 atom %. the alloy molten metal of the above-mentioned 
presentation with a desirable operation gestalt — melt quenching (melt- 
quenching) — it cools by law, and after forming the rapid 
solidification alloy containing an amorphous phase, by heating this 
rapid solidification alloy, a microcrystal can be formed into a 
configuration phase and can be manufactured. In order to obtain a 
uniform organization, as for forced cooling, it is desirable to carry 
out under a reduced pressure ambient atmosphere. With a desirable 
operation gestalt, an alloy molten metal is contacted to a cooling 
roller, and a rapid solidification alloy is formed by it. 
[0026] In this invention, thickness of the alloy thin band just behind 
rapid solidification is set to 80 micrometers or more 300 micrometers or 
less as mentioned above. When using melt spinning processes, such as the 
single rolling method, the thickness of the alloy thin band just behind 
rapid solidification can be controlled to 80 micrometers or more 300 
micrometers or less by adjusting the surface velocity of a cooling 
roller within the limits of 1m /or more 13m/second or less a second. The 
reason for adjusting the thickness of an alloy thin band in this way is 
explained below. 

[0027] If roll surface velocity is less than a second in lm /, the 
thickness of a quenching alloy thin band will become thick exceeding 300 
micrometers, but since a quenching alloy organization with many big and 
rough alpha-Fe and Fe2Bs is formed, even if it heat-treats, R2Fel4B 
which is a hard magnetism phase does not deposit, and a permanent magnet 
property is not demonstrated. 

[0028] On the other hand, if roll surface velocity exceeds a second in 



13m /, while the thickness of a quenching alloy thin band will be less 
than 80 micrometers and will become thin, at the grinding process after 
heat treatment, it becomes easy to fracture along a direction (the 
thickness direction of an alloy thin band) almost perpendicular to the 
roll contact surface. Consequently, a quenching alloy thin band tends to 
be broken into a flat configuration, and the ratio of the direction size 
of a minor axis to the direction size of a major axis of the obtained 
powder particle becomes less than 0.3. It is difficult to improve a 
magnetic powder filling factor by the flat powder particle so that the 
ratio of the direction size of a minor axis to the direction size of a 
major axis may be less than 0. 3. 

[0029] From the above th ing, with the desirable operation gestalt, roll 
surface velocity was adjusted and the thickness of a quenching alloy 
thin band is set as the 80-micrometer or more range of 300 micrometers 
or less. Consequently, it enables the ratio [ as opposed to the 
direction size of a major axis in mean particle diameter ] of the 
direction size of a minor axis to manufacture 1. 0 or less or more 0, 3 
magnet powder by 300 micrometers or less according to a grinding process. 
The still more desirable range of this ratio is 1.0 or less [ 0. 4 or 
more ]. 

[0030] In addition, the rapid solidification alloy may have the metal 
texture which was chosen from the group which has the amorphous 
organization before heat treatment for crystallization, or consists of 
Fe23 B6, Fe3B, R2Fel4B, and R2Fe 23B3 and where one metastable phase and 
amorphous phase are intermingled at least. When a cooling rate is quick, 
the rate of a metastable phase decreases and its rate of an amorphous 
phase increases. 

[0031] The microcrystal generated by heat treatment to a rapid 
solidification alloy is formed from the alloy of iron, iron, and boron, 
the compound which has the R2Fel4B mold crystal structure. As for the 
diameter of average crystal grain of each configuration phase, it is 
desirable that it is 150nm or less. The more desirable diameter of 
average crystal grain of each configuration phase is lOOnm^or less, and 
the still more desirable diameter of average crystal grain is 60nm or 
less. According to this invention, since the alloy thin band before 
grinding (thickness: 80-300 micrometers) consists of above-mentioned 
microcrystals, it is easy to fracture in the direction of versatility 
according to a grinding process. Consequently, it is thought that a near 
powder particle becomes is easy to be obtained spherically. That is, 
according to this invention, the powder particle extended for a long 
time along fixed bearing is not obtained, but the powder particle of a 



homaxial configuration, i.e., the configuration near a globular form, is 
formed. • 

[0032] On the other hand, when roll surface velocity is made quick and 
thickness of an alloy thin band is made thinner than 80 micrometers, 
there is an inclination for the metal texture of an alloy thin band to 
gather with bearing perpendicular to the roll contact surface as 
mentioned above. Therefore, the powder particle which becomes easy to 
fracture along the bearing and was obtained by grinding tends to serve 
as a configuration extended for a long time along the direction parallel 
to the front face of an alloy thin band, and the ratio of the direction 
size of a minor axis to the direction size of a major axis of a powder 
particle becomes less than 0. 3. 

[0033] Drawing 1 (a) indicates the powder particle 11 after a grinding 
process typically to be the alloy thin band 10 in front of the grinding 
process of the magnet powder manufacture approach by this invention. On 
the other hand, drawing 1 (b) indicates the powder particle 13 after a 
grinding process typically to be the alloy thin band 12 in front of the 
grinding process of the magnet powder manufacture approach by the above- 
mentioned conventional technique. 

[0034] As shown in drawing 1 (a), since the alloy thin band 10 before 
grinding is constituted by equiaxed grain with a small particle size, it 
is easy to fracture along random bearing, and the homaxial powder 
particle 11 is easy to be generated in the case of this invention. On 
the other hand, since it is easy to fracture in the case of the 
conventional technique in the almost perpendicular direction to the 
front face of the alloy thin band 12 as shown in drawing 1 (b), the 
configuration of a particle 13 will become flat. 

[0035] In addition, if the rapid solidification of an alloy molten metal 
is performed under a reduced pressure ambient atmosphere, although the 
amounts of rare earth metals are few, it becomes possible to produce the 
permanent magnet in which the magnetic properties which could form in 
homogeneity the microcrystal (mean particle diameter of 150nm or less) 
of the compound which has the R2Fel4B mold crystal structure, 
consequently were excellent are shown. 

[0036] Since the cooling rate of a molten metal becomes an ununiformity 
when cooling the alloy molten metal of the above-mentioned presentation 
under an ordinary pressure ambient atmosphere, the crystal of alpha-Fe 
is easy to be generated and it becomes impossible on the other hand, to 
generate the compound which has the R2Fel4B mold crystal structure. 
Moreover, if heat treatment for crystallization is performed in order 
that the ununiformity of a cooling rate may cause generating of an 



ununiformity phase, it will also cause the problem that crystal grain 
will make it big and rough. 

[0037] Moreover, in the permanent magnet powder of this invention, the 
software magnetism tissue phase which consists of an alloy of iron, iron, 
and boron, and the hard magnetism compound phase which has the R2Fel4B 
mold crystal structure were intermingled, and since the diameter of 
average crystal grain of each configuration phase is small, switched 
connection has become strong. 

[0038] The [reason for presentation limitation] rare earth elements R 
are elements indispensable to R2Fel4B which is a hard magnetism phase 
required in order to discover a permanent magnet property. The compound 
phase in which the content (x) of R has the R2Fel4B mold crystal 
structure under by 1 atom % cannot be deposited, but the coercive force 
manifestation effectiveness is small. Moreover, if 6 atom % is exceeded, 
R2Fel4B which is a hard magnetism phase will not be generated, but 
coercive force will decline remarkably. For this reason, as for the 
presentation ratio y of rare earth elements R, it is desirable for it to 
be necessary to satisfy 1 atom %<=x <=6 atom %, and to satisfy 2 
atom %<=x <=5. 7 atom %. 

[0039] Boron (B) is an element indispensable to iron machine borides 
which are the software magnetism phases of a permanent magnet ingredient, 
such as Fe3B and Fe23 B6, and R2Fel4B which is a hard magnetism phase. 
Even if the content (presentation ratio y) of B quenches a molten metal 
alloy with a melt quenching method under by 15 atom %, it is hard to 
obtain an amorphous organization. Therefore, if a rapid solidification 
alloy is formed on the conditions which thickness consists of within the 
limits of 70 micrometers or more 300 micrometers or less when carrying 
out the rapid solidification of the molten metal of a raw material alloy 
by the single rolling method, even if it heat-treats, sufficient 
permanent magnet property will not be discovered [ a desirable metal 
texture is not generated, and ]. Moreover, if 25 atom % is exceeded, 
since the remanence ratio of a demagnetization curve will fall 
remarkably and a residual magnetic flux density Br will fall, it is not 
desirable. For this reason, as for the boron presentation ratio x, it is 
desirable for it to be necessary to satisfy 15 atom %<=x <=25 atom %, 
and to satisfy 16 atom %<=y<=20 atom %. In addition, a part of B may be 
permuted by C (carbon). 

[0040] In addition, in a raw material, Element M (at least one sort of 
elements chosen from the group which consists of aluminum, Si, Ti, V, Cr, 
Mn, nickel, Cu, Zn, Ga, Zr, Nb, Mo, Ag t Hf, Ta, W, Pt, Au, and Pb) may 
, be added. Addition of Element M brings about effectiveness, such as 



improvement in remanence ratio Jr/Js, and expansion of the operating 
temperature limits which can demonstrate the optimal magnetic properties. 
If such effectiveness is not fully demonstrated but the content of 
Element M exceeds 7 atom % under by 0.05 atom %, magnetization will 
begin to fall. For this reason, as for the presentation ratio z of an 
alloying element M, it is desirable for it to be necessary to satisfy 
0.05 atom %<=z<=7 atom %, and to satisfy 0.2 atom %<=z<= pentatomic %. 
[0041] Furthermore, cobalt (Co) may be added in a raw material. By 
permuting by a part of Fe, Co improves a remanence ratio and 
demonstrates the effectiveness of raising a maximum energy product. For 
this reason, it is desirable to add Co to raise especially a remanence 
ratio. 

[0042] In addition, Fe occupies the content remainder of the above- 
mentioned element. 

[0043] Next, a desirable operation gestalt is explained to a detail 
about the manufacture approach of the iron machine permanent magnet 
alloy powder by this invention. 

[0044] First, the raw material expressed with the above-mentioned 
empirical formula is prepared, and an alloy molten metal is produced by 
carrying out heating fusion of this raw material. This alloy molten 
metal is quenched by the melt quenching method, and the rapid 
solidification alloy containing an amorphous phase is formed. It is also 
possible to use the strip cast method other than a melt spinning process 
using the single rolling method as a melt quenching method. In addition, 
if a with a 80-micrometer or more thickness [ 300 micrometer or less ] 
quenching alloy can be formed, it is also possible to use the molten 
metal coagulation equipment using a congruence roll. 

[0045] With [explanation of quenching equipment] book operation gestalt, 
a raw material alloy is manufactured using the melt spinning equipment 
shown, for example in drawing 2 . In order to prevent oxidation of the 
raw material alloy containing the rare earth elements which are easy to 
oxidize, an alloy production process is performed in an inert gas 
ambient atmosphere. It is desirable to use rare gas, such as helium or 
an argon, as inert gas. In addition, in order that nitrogen may tend to 
react with rare earth elements, using as inert gas is not desirable. 
[0046] The equipment of drawing 2 held the vacuum or the inert gas 
ambient atmosphere, and is equipped with the dissolution room 1 and the 
quenching room 2 of the raw material alloy which can adjust the pressure. 
[0047] The dissolution room 1 is equipped with the fusion furnace 3 
which dissolves the raw material 20 blended so that it might become a 
desired magnet alloy presentation at an elevated temperature, the hot- 



water-storing container 4 which has the tapping nozzle 5 at the pars 
basilaris ossis occipitalis, and the combination feeding equipment 8 for 
supplying a feed ingredient in a fusion furnace 3, controlling 
atmospheric penetration. The hot-water-storing container 4 stores the 
molten metal 21 of a raw material alloy, and has the heating apparatus 
(un-illustrating) which can maintain the tapping temperature on 
predetermined level. 

[0048] The quenching room 2 is equipped with the rotation cooling roller 
7 for carrying out the rapid solidification of the molten metal 21 which 
came out of the tapping nozzle 5. 

[0049] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled by the 
predetermined range. Therefore, controlled atmosphere feed hopper lb, 2b 
and 8b, and the flueing openings la, 2a, and 8a are formed in the 
suitable part of equipment. Especially flueing opening 2a is connected 
to the pump in order to control the absolute pressure in the quenching 
room 2 within the limits of vacuum -50kPa. 

[0050] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 
hot-water-storing container 4. 

[0051] The tapping nozzle 5 of the hot-water-storing container 4 is 
arranged at the septum of the dissolution room 1 and the quenching room 
2, and makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-storing container 
4. The diameter of an orifice of the tapping nozzle 5 is 0. 5-2. 0mm. With 
this operation gestalt, when the viscosity of a molten metal 21 is large, 
although a molten metal 21 stops being able to flow easily in the inside 
of the tapping nozzle 5, in order to hold the quenching room 2 in the 
pressure condition lower than the dissolution room 1, differential 
pressure is formed between the dissolution room 1 and the quenching room 
2, and tapping of a molten metal 21 is performed smoothly. 
[0052] As for a cooling roller 7, it is desirable to form from the alloy 
containing Cu, Fe or Cu, or Fe. If a cooling roller is produced with 
ingredients other than Cu or Fe, since the detachability over the 
cooling roller of a quenching alloy will worsen, it is [ a possibility 
that a quenching alloy may coil around a roll ] and is not desirable. 
The diameter of a cooling roller 7 is 300-500mm. The water-cooled 
capacity of a water cooler established in the cooling roller 7 is 
computed and adjusted according to the coagulation latent heat and the 
amount of tapping per unit time amount. 



[0053] The front face of a cooling roller 7 is covered for example, in 
the chrome plating layer, the surface roughness of a cooling roller 7 — 
center line average-of-roughness-height Ra<=0. 8micrometer, maximum 
Rmax< : =3. 2micrometer, and 10 — it is desirable that it is point average- 
of-roughness-height Rz<=3. 2micrometer. If the front face of a cooling 
roller 7 is coarse, since a quenching alloy tends to stick to a roll, it 
is not desirable. 

[0054] According to the equipment shown in drawing 2 , the rapid 
solidification of a total of the 20kg raw material alloy can be carried 
out, for example in 15 - 30 minutes. In this way, the formed quenching 
alloy is the alloy thin band (thickness :80micrometer-300micrometer and 
width-of-face:2mm-6mm) (alloy ribbon) 22. [explanation of the quenching 
approach] — the molten metal 21 of the raw material alloy expressed 
with the above-mentioned empirical formula is produced first, and it 
stores in the hot-water-storing container 4 of the dissolution room 1 of 
drawing 2 . Next, tapping of this molten metal 21 is carried out from 
the tapping nozzle 5 on the water-cooled roll 7 in a reduced pressure Ar 
ambient atmosphere, and contact on the water-cooled roll 7 quenches it, 
and it is solidified. It is necessary to use the approach in which 
highly precise control of a cooling rate is possible as the rapid 
solidification approach. 

[0055] With this operation gestalt, a cooling rate is carried out in 
103-105 degrees C/second on the occasion of the cooling coagulation of a 
molten metal 21. Only **T 1 reduces the temperature of an alloy to low 
temperature with this cooling rate. Since the temperature of the alloy 
molten metal 21 before quenching is in the temperature (for example, 
1200-1300 degrees C) near the melting point Tm, the temperature of an 
alloy falls to (Tm-**T1) from Tm </SUB> on a cooling roller 7. According 
to the experiment of an invention-in-this-application person, it is 
desirable that **T1 is within the limits of 700-1100 degrees C from a 
viewpoint of raising a final magnet property. 

[0056] The time amount by which the molten metal 21 of an alloy is 
cooled with a cooling roller 7 is equivalent to time amount after the 
periphery surface alloys of the rotating cooling roller 7 contact until 
it separates, and, in the case of this operation gestalt, it is 0.05 - 
50 ms. Between them, the temperature of an alloy falls and solidifies 
only **T 2 further. Then, the solidified alloy separates from a cooling 
roller 7, and flies the inside of an inert atmosphere. As a result of 
heat's being taken by the controlled atmosphere while the alloy is 
flying with thin band-like one, the temperature falls to (Tm-**T1-**T2) . 
Although **T2 change with the size of equipment, or the pressures of a 



controlled atmosphere, they are about 100 degrees C or more than it. 
[0057] In addition, the ambient atmosphere in the quenching room 2 is 
changed into a reduced pressure condition. As for an ambient atmosphere, 
it is desirable that absolute pressure consists of inert gas of 50 or 
less kPas. In addition, since the effect of a controlled atmosphere 
being involved in between a roll kneader and an alloy molten metal 
becomes remarkable when the pressure of a controlled atmosphere exceeds 
50kPa(s), and a possibility that a uniform organization may not be 
obtained becomes strong, it is not desirable. 

[0058] In this invention, the thickness of a quenching alloy thin band 
is set as the 80-micrometer or more range of 300 micrometers or less by 
adjusting roll surface velocity a second within the limits of lm /or 
more 13m/second or less. Since the diameter of average crystal grain 
becomes [ roll surface peripheral velocity ] large too much in a second 
in less than lm /and the target magnetic properties are no longer 
acquired, it is not desirable. On the other hand, if roll surface 
peripheral velocity exceeds a second in 13m /, the thickness of a 
quenching alloy thin band will be less than 70 micrometers, and the 
ratio (a minor axis/major axis) of the direction size of a minor axis to 
the direction size of a major axis will be obtained only for less than 
0. 3 powder particle at the grinding process explained later. 
[0059] After performing [explanation of heat treatment] quenching 
process, the diameter of average crystal grain generates the 
microcrystal which is lOOnm or less by performing heat-of- 
crystallization processing to a quenching alloy. As for this heat 
treatment, it is more preferably desirable to heat 30 seconds or more at 
the temperature of 500 degrees C - 700 degrees C 400 degrees C - 700 
degrees C. If heat treatment temperature exceeds 700 degrees C, grain 
growth will be remarkable and magnetic properties will deteriorate. On 
the contrary, since R2Fel4 B phase does not deposit [ heat treatment 
temperature ] at less than 400 degrees C, high coercive force is not 
acquired. 

[0060] If it heat-treats on condition that the above, a microcrystal 
(the alloy of iron, iron, and boron and compound which has the R2Fel4B 
mold crystal structure) can be formed so that the diameter of average 
crystal grain may be set to 150nm or less. Although desirable heat 
treatment time amount differs depending on heat treatment temperature, 
when heat-treating, for example at 600 degrees C, it is desirable to 
perform heating for 30 seconds - about 30 minutes. Crystallization may 
not be completed if heat treatment time amount is less than 30 seconds. 
[0061] In addition, before heat-treating, it is desirable to perform 



coarse grinding and to change into a powder condition with a mean 
particle -diameter of 1mm - about 500 micrometers. 

[0062] The alloy of [explanation of grinding process] this invention can 
be ground using pin disc mill equipment as shown in drawing 4 etc. 
Drawing 4 is the sectional view showing an example of the pin mill 
equipment used for this operation gestalt. This pin mill equipment 40 is 
a pin disc mill, it makes two disks (disk) 42a and 42b with which two or 
more pins 11 were arranged by one side counter, and it is arranged so 
that the mutual pin 41 may not collide. One [ at least ] disk 42a and/or 
42b rotate at high speed. Disk 42a revolves around a shaft 43 in the 
example of drawing 4 . The rotating front view of near disk 42a is shown 
in drawing 5 . On disk 42a of drawing 5 , it is arranged so that a pin 
41 may draw two or more concentric circles. It is arranged so that, as 
for a pin 41, disk 42b currently fixed may also draw a concentric circle. 
[0063] The ground object which should be ground by the pin disc mill is 
sent in in the space of the clearance where the disk of two sheets has 
countered from input port 44, will collide with the pin 41 on rotating 
disk 42a, and the pin 41 on stopped disk 42b, and will be ground by the 
impact. The powder generated by grinding is flown in the direction of an 
arrow head A, and, finally is brought together in one place. 
[0064] In the pin mill equipment 40 of this operation gestalt, although 
the disks 42a and 42b which support a pin 41 are formed from stainless 
steel etc. , the pin 41 is formed from cemented carbide ingredients, such 
as a tungsten-carbide (WC) sintered compact. As a cemented carbide 
ingredient, TiC, MoC, NbC, TaC, and Cr3C2 grade can be suitably used 
besides WC sintered compact. These cemented carbide is the sintered 
compacts which combined IVa, Va, and the carbide powder of the metal 
belonging to a Via group using Fe, Co, nickel, Mo, Cu, Pb, Sn, or these 
alloys. 

[0065] If grinding is performed on conditions from which mean particle 
diameter is set to 1 micrometers or more 300 micrometers or less using 
the above-mentioned pin mill equipment in the case of this invention, 
the ratio of the direction size of a minor axis to the direction size of 
a major axis of a particle can obtain or more 0. 3 the powder which 
becomes 1.0 or less. The range of more desirable mean particle diameter 
is 5 micrometers or more 200 micrometers or less. The pin mill equipment 
suitably used by this invention may be equipment with which it was not 
limited to the pin disc mill by which the pin was arranged on the disk, 
for example, the pin was arranged on the cylinder. 

[0066] [explanation of the manufacture approach of a magnet object] — a 
compound is produced by adding and kneading the binder and additive 



which become the magnet powder obtained as mentioned above first from an 
epoxy resin. Next, after pressing with- shaping equipment with the 
shaping space of the request configuration of a party udo, a final bond 
magnet can be obtained through a heat hardening process, a washing 
process, a coating process, an inspection process, and a magnetization 
process. 

[0067] Fabrication is not necessarily limited to above-mentioned 
compression molding, and is good also by well-known extrusion molding, 
injection molding, or rolling shaping. Magnet powder will be kneaded 
with plastic resin and rubber according to the class of fabricating 
method to adopt. 

[0068] In addition, when based on injection molding, high softening 
temperature resin can be used like PPS besides the polyimide (nylon) 
currently widely used as resin. This is because the magnet powder of 
this invention is formed from the low rare earth alloy, so a magnet 
property does not deteriorate even if it is hard to oxidize and performs 
injection molding at temperature high in comparison. 
[0069] Moreover, since the magnet powder of this invention cannot 
oxidize easily, it does not have to carry out the coat of the final 
magnet front face by the resin film. The magnet powder and melting resin 
of this invention are pressed fit with injection molding in the slot of 
the components which follow, for example, have the slot of a complicated 
configuration, and the components equipped with the magnet of a 
complicated configuration in one by it are sometimes manufactured 
possible. 

[0070] [Explanation of electrical machinery and apparatus] this 
invention is suitably applied for example, to an IPM (Interior Permanent 
Magnet) mold motor. This IPM mold motor can be equipped with the Rota 
one apparatus magnet produced using the magnet powder by this invention. 
[0071] The IPM mold motor in a desirable operation gestalt is equipped 
with the rotor core which builds in the bond magnet with which high 
density was filled up with the above-mentioned magnet powder, and the 
stator surrounding this rotor core. Two or more slots are formed in the 
rotor core, and the magnet of this invention is located in the slot. 
This magnet fuses the compound of the magnet powder by this invention, 
and into the slot of a rotor core, it is directly filled up with it and 
it carries out mold. 

[0072] In addition, the magnet of this invention is used suitable for 
various kinds of electrical machinery and apparatus, such as other 
motors, actuators, etc. of a class, besides this kind of motor. 
[0073] (Example) The example of this invention is explained hereafter. 



[0074] About each of example No. 1-No. 6, weighing capacity of Fe, Co, B, 
Nd, and Pr of 99.5% or more of purity -was carried out so that the total 
amount might become lOOg, and it supplied in the quartz crucible, each - 
- the presentation of example No. 1-No. 6 was carried out as shown in 
Table 1. Since the quartz crucible has the orifice with a diameter of 
0.8mm at the pars basilaris ossis occipitalis, after dissolving within a 
quartz crucible, the above-mentioned raw material serves as an alloy 
molten metal, and will be caudad dropped from an orifice. The pressure 
performed the dissolution of a raw material using the high-frequency- 
heating method to the bottom of the argon ambient atmosphere of 2kPa(s). 
In this example, the melting temperature was set as 1350 degrees C. 
[0075] The molten metal was made to blow off to the peripheral face of 
the copper roll in the location of 0.8mm of lower parts of an orifice by 
pressurizing the surface of hot water of an alloy molten metal by 
32kPa(s). A roll rotates at high speed, while the interior is cooled so 
that the temperature of the peripheral face may be maintained by room 
temperature extent. For this reason, the alloy molten metal dropped from 
the orifice will be flown in the peripheral-velocity direction, 
contacting a roll peripheral surface and heat being taken. Since an 
alloy molten metal is continuously dropped on a roll peripheral surface 
through an orifice, the alloy solidified by quenching will have the 
gestalt of the ribbon (width of face: 2-5mm, thickness: 70-300micrometer) 
prolonged for a long time in thin band-like one. 
[0076] In the case of the roll kneader method (the single rolling 
method) adopted by this example, a cooling rate is prescribed by roll 
peripheral velocity and the amount of molten metal flowing down per unit 
time amount. In addition, in the amount of flowing down, depending on 
the diameter of an orifice (cross section), and the molten-metal- 
pressure force, the orifice set the diameter of 0.8mm, and molten metal 
injection pressure to 30kPa(s) in the example, and the" flowing-down rate 
was about 0. lkg/second. In this example, the roll surface velocity Vs 
was set as the range of 2-12m/second. The thickness of the obtained 
quenching alloy thin band was in the 85-micrometer or more range of 272 
micrometers or less. 

[0077] In order to consider as the rapid solidification alloy containing 
an amorphous phase, as for a cooling rate, it is desirable that it is 
103 degrees C/second or more, and in order to attain the cooling rate of 
this range, it is desirable to set [ second ] up roll peripheral 
velocity in 2m /or more. 

[0078] In this way, analysis by the characteristic X ray of CuKalpha was 
performed to the thin band of the obtained quenching alloy. The powder X 



diffraction pattern about example No. 2 and No. 4 is shown in drawing 3 . 
The rapid solidification alloy of example No. 2 and No. 4 has an amorphous 
organization, Fe23 B6, and the containing metal texture so that drawing 
3 may show. 
[0079] 



[Table l] 





No. 




Vs(m/s) 




ium) 




R 


Fe 


B 


M 




1 


Nd3 


mi 


18.5 




12 


620 


87 




2 


Nd4 


mm 


18.5 




8 


640 


144 




3 


Nd4.5 




17.0 


Co1 


2 


650 


255 


m 
m 


4 


Nd5.5 


sa 


19.0 


Co5+Cr5 


6 


680 


170 


m 


5 


Nd2.5+Pr2 




16.0 


Co3+Ga1 


9 


630 


120 




6 


Nd3.5+Dy1 




18.5 


Co3+Si1 


7 


640 


150 


tfc 


7 


Nd3 




18,5 




15 


620 


61 


8 


| Nd4.5 


sai 


17.0 


Co1 


20 


650 


30 


m 


9 


Nd3.5+Dy1 


«9 


18.5 


Co3+Si1 


30 


640 


22 



[0080] In Table 1, it is shown that "Nd5. 5" of the column currently 
displayed as "R" did 5. 5 atom % addition of Nd as rare earth elements, 
and it is shown that "Nd2. 5+Pr2" did 2 atom % addition of 2. 5 atoms % 
and Pr for Nd as rare earth elements. 

[0081] Next, after carrying out coarse grinding of the obtained 
quenching alloy thin band and forming powder with a mean particle 
diameter of 850 micrometers or less, heat treatment for 10 minutes was 
performed in the argon ambient atmosphere at the temperature shown in 
Table 1. Then, with disc mill equipment, coarse-grinding powder was 
ground to 150 micrometers or less, and the magnet powder (magnet powder) 
of this invention was produced. Table 2 shows the magnetic properties of 
this magnet powder, and the ratio (a minor axis/major axis) of the 
direction size of a minor axis to the direction size of a major axis of 
a powder particle with a particle size of 40 micrometers or more. 
[0082] 
[Table 2] 





No. 








JStt/gW 






B r (T) 


H ,(kA/m) 


(BH) 


m-JkJ/m 3 ) 






1 


1.22 


24-5 


76 


0.33 




2 


1.08 


C.UO 




0.58 


m 


3 


1.11 




95 


0.83 


«§ 


4 


0.79 


610 


72 


0.92 




5 


1.20 


310 


98 


0.44 




6 


1.15 


360 


102 


0.75 


« 


7 


1.21 


250 


72 


0.21 


8 


1.09 


305 


89 


0.14 


(SI 


9 


1.14 


358 


98 


0.08 



[0083] As shown in Table 2, each of minor axes / major-axis ratios in 
the magnet powder of example No. 1-No. 6 were 1.0 or less [ 0. 3 or more ]. 
[0084] Next, after kneading the epoxy resin of 2 mass % to the above- 
mentioned magnet powder, the with a diameter height [ 7mm height of 
10mm ] cylindrical Plastic solid was produced by the press-forming 
pressure of 5. 9xl08Pa. Then, the curing treatment of 1 hour was 
performed at 150 degrees C in atmospheric air to the Plastic solid, and 
the bond magnet was produced. The magnet property and magnetic powder 
pack density of this bond magnet are shown in Table 3. Here, magnetic 
powder pack density was calculated with "the volume of the volume / bond 
magnet of magnetic powder. * 
[0085] 
[Table 3] 





No. 




(%) 




B r (T) 


H CJ (kA/m) 


(BhD^kJ/m 3 ) 




1 


0.99 


243 


56 


81 




2 


0.89 


264 


61 


82 


m 
fig 


3 


0.93 


297 


71 


84 


m 


4 


0.67 


598 


54 


85 




5 


0.98 


310 


72 


82 




6 


0.95 


358 


76 


83 


it 
t* 


7 


0.93 


248 


50 


77 


8 


0-83 


299 


59 


76 


m 


9 


0.86 


354 


65 


75 



[0086] As shown in Table 3, with the compression-molding bond magnet by 



this invention, 80% or more of high magnetic powder filling factor is 
attained/ 

[0087] (Example of a comparison) Example No. of comparison7-9 of Table 1 
were produced according to the process explaining the above-mentioned 
example, and the same process. The difference with an example adjusts 
[ second ] roll surface velocity a second on the occasion of quenching 
of an alloy molten metal in 15m /or more 30m /or less, and is in the 
point which set thickness of a quenching alloy thin band to 20 
micrometers or more 65 micrometers or less by it. 

[0088] About the example of a comparison, the magnetic properties of 
magnet powder, and a minor axis / major-axis ratio are shown in Table 2, 
and the magnet property and magnetic powder filling factor of a 
compression-molding bond magnet are shown in Table 3. As shown in Table 
2, the minor axis / major-axis ratio of the example of a comparison are 
less than 0. 3. Moreover, as shown in Table 3, the magnetic powder 
filling factor of the example of a comparison is less than 80%. In 
addition, a magnetic powder filling factor here is shown by the magnet 
powder volume / bond magnet volume. 

[0089] Drawing 6 is the cross-section SEM photograph of the bond magnet 
which pressed and produced the powder by this invention. On the other 
hand, drawing 7 is the cross-section SEM photograph of the bond magnet 
(example of a comparison) which pressed and produced the powder of 
product name MQP-B made from MQI. When based on this invention, 60% of 
the weight or more of the powder particle 40 micrometers or more has 
[ particle size ] 0. 3 or more a minor axis / major-axis ratios. In the 
case of the example of a comparison, that to which particle size has 0. 3 
or more a minor axis / major-axis ratios in the powder particle 0. 5 
micrometers or less may also be contained, but as for most powder 
particles 40 micrometers or more, particle size has less than 0. 3 the 
minor axis / major-axis ratio. 
[0090] 

[Effect of the Invention] According to this invention, the iron machine 
alloy permanent magnet powder which has improved the restoration nature 
and the fluidity at the time of shaping is obtained. By using this iron 
machine alloy permanent magnet powder, the electrical machinery and 
apparatus equipped with the bond magnet with which the magnetic powder 
filling factor has been improved, and the bond magnet concerned is 
offered. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the perspective view showing typically the alloy thin 
band before grinding, and the powder particle after grinding about this 
invention, and (b) is the perspective view showing typically the alloy 
thin band before grinding, and the powder particle after grinding about 
the conventional technique. 

[Drawing 2] (a) is drawing showing the example of 1 configuration of the 
melt spinning equipment (single roll equipment) which may be used 
suitable for this invention, and (b) is the partial enlarged drawing. 
[Drawing 3] It is the graph which shows the powder X diffraction pattern 
about the example of this invention. 

[Drawing 4] It is drawing showing the configuration of the pin mill 
equipment used by this invention. 

[Drawing 5] It is drawing showing the pin out of the pin mill equipment 
of drawing 4 . 

[Drawing 6] It is the cross-section SEM photograph of the bond magnet by 
this invention. 

[Drawing 7] It is the cross-section SEM photograph of the bond magnet of 
the example of a comparison. 
[Description of Notations] 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Rotation Cooling Roller 
la, 2a, 8a Flueing opening 

10 Alloy Thin Band in the case of this Invention 



11 Powder Particle by this Invention 

12 Alloy -Thin Band in the case of the -Conventional Technique 

13 Powder Particle by the Conventional Technique 
20 Raw Material 
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